1. Introduction {#sec0001}
===============

With the rapid growth of the sharing economy, the interaction between room sharing business models and the housing market has recently received enormous attention. The operation of the sharing economy often involves a platform that facilitates relationships between buyers and sellers to arrange access to rent or purchase resources (e.g., [@bib0009]; [@bib0013]). The success of the business model relies on peer-to-peer accommodation networks on a platform that connects sellers and buyers (e.g., [@bib0018]; [@bib0006]). Airbnb is the most successful room sharing business model; it provides a platform to connect hosts and guests on opposite sides of the same platform. Airbnb hosts offer unused or underutilized space while Airbnb guests look for a place to stay. Given the popularity of Airbnb in many countries around the world, one particular question has been raised: does Airbnb impact the housing market? This study answers this question using a case study in Taiwan.

Scholars have recently proposed two different perspectives regarding the interaction between the room sharing economy and housing markets. On the one hand, room sharing business models may distort housing rents or sales prices through the reduction of housing supply in the market. After the entry of room sharing platforms, property owners can remove their property previously occupied by residential tenants from the housing rental market and reallocate them onto Airbnb for short-term accommodation. The reduction in the supply of rental properties in the housing market would then increase rental prices. Similarly, housing sales prices can rise if property owners decide to reallocate their properties from the housing sales market to Airbnb ([@bib0014]). On the other hand, Airbnb may not affect the current supply of the housing rental market if the majority of Airbnb listings are spare or unused rooms that are otherwise not available. Housing prices may be reduced if the short-term rentals through Airbnb bring in more tourists and result in adverse environmental problems, such as traffic and noise in quiet residential neighborhoods ([@bib0021]).

While room sharing platforms have garnered increasing attention worldwide, few empirical studies have been done on the impacts of Airbnb on housing markets. To the best of our knowledge, only a few studies could be found, and they were exclusively conducted in the U.S. [@bib0012] constructed a weekly region-specific housing rental dataset that consists of 113,409 rental items in the city of Boston between September 2015 and January 2016 and Airbnb listings drawn from their website. The authors found that the number of Airbnb listings had a positive impact on rents. Specifically, a one-standard deviation increase in Airbnb listings increased rents by 0.4%. [@bib0021] constructed a housing sales dataset from multiple sources and collected information on Airbnb from the InsideAirbnb website between January 2003 and August 2015 to investigate the impacts of Airbnb on house sales prices in New York City. The authors found a 6.46% increase in property values for a 100% increase in the total number of Airbnb accommodations. In contrast to [@bib0012] and [@bib0021] who only focus on one particular city in the U.S, [@bib0002] assessed the impacts of Airbnb on housing rental and sales prices across the entire U.S. Using an aggregate dataset at the county-month level, they found that a 10% increase in Airbnb listings led to a 0.42% and 0.75% increase in rents and housing prices, respectively. Moreover, the entry of Airbnb had a smaller effect on house rents in areas with a larger share of owner-occupiers.

This study examines the impacts of Airbnb on housing rental and sales prices in Taiwan. To do this, we use a large-scale sample of 55,581 and 550,951 transactions in the housing rental and sales market and web-scrapped data of Airbnb listings. We find a positive association between the number of Airbnb listings and housing rental prices by estimating the house rental and sales price equations using the fixed effect model. On average, a one-standard deviation increase in the number of Airbnb listings significantly increases housing rental prices by 0.38%. Furthermore, the positive effect of Airbnb on rental prices is more substantial for listings that offer an entire house. This finding provides evidence of a substitution between Airbnb\'s short-term accommodation and the housing rental market, but not with the housing sales market.

In response to the concerns of both homeowners and the lodging industry, tax policies have been proposed as a policy instrument to regulate Airbnb ([@bib0014]). However, no study thus far has empirically addressed this issue. In this study, we leverage the fact that multinational platform companies were suddenly forced to comply with the sales tax regulations along with other domestic enterprises that operate businesses in Taiwan since September 2017. This policy amendment on Airbnb provides an opportunity to evaluate the effectiveness of tax policies on room sharing platforms. We apply the difference-in-difference model and find that the sales tax policy reduced the number of Airbnb listings and the effect of Airbnb on housing rental prices.

This study contributes to the burgeoning literature on the relationship between Airbnb and housing markets on several fronts. First, very little research on the impacts of Airbnb on housing markets has been done. The few available studies were exclusively conducted in the US. This paper contributes to this knowledge gap by providing a case study in Taiwan. Second, in contrast to most existing studies that use an aggregate dataset at the county level (e.g., [@bib0002]) or individual house transaction records in a specific city (e.g., [@bib0021] for New York City), this paper uses a large-scale administrative housing transaction dataset in Taiwan. Using the administrative housing market rental and sales profile of each property provides an objective measure of rental and sales prices that avoids measurement errors. Furthermore, using a large dataset of all areas in Taiwan allows us to examine the heterogeneous effects of Airbnb on the housing market based on urban-rural differences and the types of Airbnb listings. Finally, to the best of our knowledge, this paper is among the first to provide an empirical assessment of some of the policy instruments designed to regulate Airbnb, such as sales taxes.

2. Institutional background {#sec0002}
===========================

2.1. The housing market and the actual house price registration system in Taiwan {#sec0003}
--------------------------------------------------------------------------------

Housing prices in Taiwan have increased over the past few decades. House prices quickly rose from 1986 to 1991, but then began to fall after the mid-1990s. Impacts from the Asian financial crisis in 1997, the 2001 global recession, and the outbreak of Severe Acute Respiratory Syndrome (SARS) in 2003 decreased housing prices, although they have since risen after bottoming out in 2003 ([@bib0023]). Based on the official statistics from the Ministry of Interior, house prices increased 44% and 62% from the 1^st^ quarter of 2003 to the 1^st^ quarter of 2010 and the 4^th^ quarter of 2016.

In most Chinese societies, real estate is considered the most important asset in valuing a household\'s wealth because Chinese people believe that 'land is wealth' ([@bib0011]). Taiwan is no exception to this Chinese tradition, resulting in a high rate of homeownership. The homeownership rate in Taiwan is higher than in most western countries around the world. For example, the homeownership rate is 64% in the U.S and 69% in the European Union. Despite sky-high house prices over the past few decades, homeownership rates in Taiwan are among the world\'s highest. Homeownership rates were 77% in 1985 and increased to 85% in 2016 ([@bib0005]; 2016).

Before 2011, transactions in the housing market were not transparent. Most of the transactions occurred among real estate brokers and individual sellers and buyers. In response, the Actual Price Registration System (APRS) was established in December 2011. The purpose of the APRS is to boost the transparency of transactions in the real estate market. The APRS is a system that asks traders in the real estate market to register the actual prices of sales and rents of transacted properties with the Ministry of Interior. All sold real estate must be registered in the APRS after the transaction is completed. Because the APRS is a mandatory system, the responsible party of the transaction will face punitive fines of up to NT\$ 300 thousand (US\$ 10 thousand) if he/she fails to comply with the regulations or provides false information. The Ministry of Interior manages this dataset. In contrast to sales transactions, the submission of rental property transactions to the APRS system is not mandatory, but strongly recommended by the Ministry of Interior. Legislators are now working to implement housing rental records into the APRS profile.

2.2. The operation of Airbnb in Taiwan {#sec0004}
--------------------------------------

Airbnb is a technology platform company established in August 2008. The platform matches people with space to share (hosts) with people looking for a place to stay (guests). Airbnb hosts can post information about their properties and asking price on the Airbnb website. On the other side of the platform, guests can search for lodging information on Airbnb without any monetary cost. Individual hosts determine the prices of Airbnb listings. Airbnb then charges a service fee from both the guests and hosts for each successful transaction. Generally, Airbnb charges its guests a 9 to 12% service fee for every successful transaction depending on the length of the reservation. The company also charge hosts a 3% service fee to cover the cost of processing their payments ([@bib0015]; [@bib0017]).

To maintain service quality and provide incentives for hosts and guests to maximize the likelihood of a successful booking, Airbnb built an online rating system that enables each guest to leave a review upon completion of their stay. Guests can use star ratings to rate the features of their stay with respect to cleanliness, location, and convenience of the property. Airbnb has experienced very rapid growth. In April 2018, more than two hundred million guests across the world had used Airbnb, with four million nights of cumulative bookings ([@bib0001]). According to our data, the earliest Airbnb booking in Taiwan was in February 2013. By September 2017, the accumulated number of Airbnb postings in Taiwan had reached 129,000.

2.3. The sales tax policy imposed on multi-national platforms in Taiwan {#sec0005}
-----------------------------------------------------------------------

The legality of room sharing platforms such as Airbnb has received much attention. Different cities have taken action against Airbnb. Some cities (e.g., Paris and Barcelona) have the strictest policies regarding who can and cannot rent out their properties through Airbnb, while other cities (e.g., Amsterdam, Berlin, London, San Francisco, and New York City) have looser restrictions ([@bib0024]).

The lodging industry is highly regulated in Taiwan. All lodging businesses, such as hotels and short-term homestays, must comply with the Stature for the Development of Tourism Act. Homeowners or business owners must apply and receive a business license, and violations of the law will be enforced with administrative fines between NT\$ 100,000 and NT\$ 500,000.

Since the entry of Airbnb to Taiwan in 2013, hotel and homestay business operators have opposed illegal short-term rentals listed on Airbnb. Protestors say that at least NT\$30 billion in annual revenue is lost to illegal rentals from room sharing platforms. This loss is attributable to the fact that companies like Airbnb did not have to pay sales tax, allowing them to undercut their competitors along the margin of price. Protesters also suggested that the government include Airbnb as part of the lodging industry ([@bib0007]). This tax avoidance policy for Airbnb Company began in September 2017. To avoid base erosion, profit shifting, and tax avoidance as suggested by the OECD ([@bib0016]), the Ministry of Finance has amended the current corporate income tax policy on multinational firms. Under this tax policy amendment, a 20% sales tax rate is applied to cross-border e-commerce companies such as Airbnb that sell services via the internet to domestic consumers with the help of local enterprises or residents.

Many Airbnb hosts in Taiwan fail to comply with the application and registration process for a business operation license, especially for those that only rent out a private room. To comply with the new sales tax policy, Airbnb must now reveal its revenues and the property details of listings posted on the company\'s website. As a result, the tax policy will affect Airbnb hosts as well. Airbnb hosts who successfully rent out their properties to guests through the platform must now need to report their business income and pay associated sales taxes for their generated revenues. As a result, Airbnb hosts that do not have a license from the Ministry of Interior are more likely to exit the Airbnb market.

3. Data {#sec0006}
=======

We construct a dataset that combines the actual sales and rental prices of properties in the real estate market and information on Airbnb listings in Taiwan. Details of the datasets are listed below.

3.1. The Airbnb data {#sec0007}
--------------------

We collect information on the number of listings on Airbnb.com. We limit our search to the items listed on the Airbnb website that are located in Taiwan. Among these items, we collect information on the attributes of the postings between February 2013 (the first month of Airbnb\'s presence in Taiwan) and November 2017 using web scraping technology. Because Airbnb requires its guests to post their comments and evaluation of their stay right after its completion, we can trace the time when the current posted property has been occupied based on the time of previous transactions. We then calculate the number of Airbnb listings in each township during each month. We use a similar method to that of [@bib0012] to categorize the total number of listings into three different categories based on the attributes of posted properties: an entire house or an apartment, a private room, and shared rooms and other types of listings. In doing so, we can compare our findings to the existing evidence found in some U.S cities such as Boston and New York City.

In total, there were 133,516 Airbnb postings in Taiwan between February 2013 and November 2017. On average, there are 2,302 listings per month. To obtain a complete picture of the growth of Airbnb in Taiwan, [Table 1](#tbl0001){ref-type="table"} reports the accumulated number of Airbnb listings for every six months in our sample period. As shown in column A of [Table 1](#tbl0001){ref-type="table"}, the total number of Airbnb listings increased considerably after August 2015. During the first month of Airbnb\'s entry in Taiwan in February 2013, there were only nine postings. In August 2015 and August 2017, the accumulated number of Airbnb listings reached to 10,101 and 111,170, respectively.Table 1Sample distribution of Airbnb listings over time.Table 1Types of AirbnbAll typesAn entire house or apartmentA private roomOther types(A)(B)(C)(D)=(C)/(A)(E)(F)=(E)/(A)(G)(H)=(G)/(A)Year/month\# of listings%\# of listings%\# of listings%\# of listings%2013/0290.0%9100.0%00.0%00.0%2013/08650.0%5889.2%710.8%00.0%2014/012470.2%19378.1%3413.8%208.1%2014/081,1120.8%74266.7%30027.0%706.3%2015/013,1462.4%1,97262.7%99431.6%1805.7%2015/0810,1017.6%6,37163.1%3,18631.5%5445.4%2016/0119,45814.6%12,08262.1%6,11731.4%1,2596.5%2016/0842,72132.0%25,39059.4%14,32633.5%3,0057.0%2017/0165,78349.3%37,70857.3%23,30935.4%4,7667.2%2017/08111,17083.3%61,25355.1%40,86136.8%9,0568.1%2017/11133,516100.0%72,41454.2%50,06537.5%11,0378.3%[^1]

Airbnb postings that rented out an entire house or apartment has held the lion\'s share of the total number of listings since the beginning of the company\'s presence in Taiwan. The number of listings that rented out an entire house or an apartment between February 2013 and November 2017 was 72,414, accounting for 54.2% of the total number of accumulated postings (see columns C and D of [Table 1](#tbl0001){ref-type="table"}). The number of listings that rented out a private room accounted for 37.5% of the total number of accumulated postings (see column F of [Table 1](#tbl0001){ref-type="table"}). The share of the listings that rented out a private room has increased over time. These rooms accounted for 10.8% in August 2013 and 37.5% of the total number of postings in November 2017.

To provide a visual understanding of the geographic heterogeneity of Airbnb listings, [Fig. 1](#fig0001){ref-type="fig"} depicts the distribution of the accumulated number of Airbnb listings between February 2013 and November 2017 in each township of Taiwan. In total, there are 358 administrative townships in Taiwan, and 202 of them have at least one Airbnb listing in our sample period. As shown in [Fig. 1](#fig0001){ref-type="fig"}, areas with more Airbnb listings are generally the townships located near major urban cities (Northern and Western Taiwan). Townships located in rural areas that are popular for tourism also have some Airbnb listings (Eastern Taiwan).Fig. 1Geographical distribution of the accumulated number of Airbnb listings in Taiwan.Note: The figure reports the distribution of the accumulated number of Airbnb listings in each township between February 2013 and November 2017 in Taiwan. The size of the dotted point corresponds to more Airbnb listings. In total, there are 358 townships are in Taiwan. Of these, 202 townships have Airbnb listings.Fig. 1

The average price of all Airbnb postings is approximately NT\$ 1,269 (US\$ 42) per night. A higher average price is found for postings that rented out an entire house or apartment than those renting out a private room since these units are larger in physical size (NT\$ 1,521 (US\$ 50)/night vs. NT\$ 926 (US\$ 31)/night).

3.2. The administrative profile of housing market transactions {#sec0008}
--------------------------------------------------------------

The primary dataset used in this study are the housing sales and rental records from the Actual Sales and Rental Prices (APRS) profile in Taiwan. The APRS contains both the sales and rental records in the real estate market since August 1, 2012. Information contained in the APRS profile includes sales and rental prices, the month and year of each transaction, size and other characteristics of the property, and the township of each transacted object. The APRS dataset serves as an important channel for the Taiwanese government to understand the housing market. This data has also been used in several high-quality publications in housing studies (e.g., [@bib0003]; [@bib0022]).

Since we focus on the effects of Airbnb on the housing market, we construct two datasets for house sales and another for house rents. The housing rental data set consists of 82,421 transaction records between August 2012 and November 2017 (64 months in total). Of them, 55,581 and 26,840 were rented for residential and business operations, respectively. We merge each housing rental record into the number of Airbnb listings by the month and township that each transaction occurred. Since we expect that Airbnb only affects residential rental housing markets, we use the sample of 55,581 rental records for residential purposes in the main empirical analysis to quantify the Airbnb effect on house rental prices. The dataset of rental properties for commercial purposes is used to conduct a placebo test that checks the robustness of our findings. A similar strategy is used to construct the housing sales dataset. We only consider transacted properties for residential purposes and exclude those used for business operations. The housing sales dataset includes 550,951 sale records.

In accordance with the hedonic pricing theory and the information documented in the APRS profile, housing rental and sales prices are defined as the rent and sales values per square meter of the property. With respect to other explanatory variables that are associated with rental and sales prices, we specify a continuous variable that captures the size of the rental or sale property. Additionally, a dummy variable is specified to indicate whether the rental or sale unit is on the first floor. Several variables are also defined for different types of properties: if an apartment has or lacks an elevator; if it is a townhouse; if it is a storefront; if it is a suite; if it is located in a business building; and if it is located in other types of buildings. A dummy variable is specified to indicate if there is a parking lot in the transaction. Finally, the month and year of the transaction are specified. [Table 2](#tbl0002){ref-type="table"} reports the definition and sample statistics of the selected variables. We report the sample statistics for the full sample and two subsamples for townships with at least one Airbnb listing (with the month of transaction) and those that do not.Table 2Sample statistics of the selected variables in the housing rental market data.Table 2All sampleIf Airbnb\>0If Airbnb=0VariableDefinitionMeanS.DMeanS.DMeanS.DRental pricesMonthly rental prices (NT\$/m^2^).257.05250.00299.11256.32208.17233.10AirbnbNumber of Airbnb listings (100).0.2780.7090.5180.90100Airbnb_HouseNumber of Airbnb listings for an entire house or an apartment (100).0.1530.4100.2840.52500Airbnb_RoomNumber of Airbnb listings for a private room (100).0.1110.2880.2060.36800Airbnb_OtherNumber of Airbnb listings for other types (100).0.0150.0570.0280.07500SizeSize of the rental property (100 m^2^)1.3803.0921.3781.8391.3834.092First floorIf the rental unit is on the first floor (=1).0.1640.3700.1790.3830.1460.354Apartment_no elevatorIf an apartment without elevator (=1).0.1310.3370.1500.3570.1090.311Apartment_elevatorIf an apartment with elevator (=1).0.5320.4990.5510.4970.5090.500TownhouseIf a townhouse (=1).0.1330.3390.0930.2910.1790.383StorefrontIf a storefront (=1).0.1130.3160.1140.3180.1120.315SuiteIf a suite (=1).0.0470.2110.0480.2140.0450.207Business buildingIf in a business building (=1).0.0230.1510.0290.1690.0160.126OthersIf other types of buildings (=1).0.0220.1470.0140.1190.0310.173ParkingNumber of parking lots.0.2150.5330.2380.5900.1890.456Number of townships212112209Number of months645864Sample size *(N)*55,58129,87425,707[^2]

The average rental rate of the properties reported in our sample is US \$8.40 per square meter (see [Table 2](#tbl0002){ref-type="table"}). To obtain a complete picture of rental prices over time, we depict the monthly average rental prices in [Fig. 2](#fig0002){ref-type="fig"} . The solid vertical line in the figure indicates the month that Airbnb entered Taiwan in February 2013, while the dashed vertical line indicates the implementation month of the sales tax policy on Airbnb in September 2017. Rental prices show an increasing trend following the entry of Airbnb in Taiwan. In contrast, it appears that the average rental prices decreased right after the implementation of the sales tax policy on Airbnb.Fig. 2Sample distribution of the average housing rental price over time.Note: The average monthly housing rental price (NT\$/m^2^) between August 2012 and November 2017 is reported. The Airbnb entered Taiwan on February 2013 which is indicated by the vertical black-solid line. The vertical dashed line represents the implementation month of the tax policy on Airbnb hosts.Fig. 2

3.3. Data on neighborhood characteristics and the local environment {#sec0009}
-------------------------------------------------------------------

Since house prices are associated with the characteristics of the local environment such as crime and demographics (e.g., [@bib0021]), we collect data on neighborhood characteristics from other additional sources. We use information from the Ministry of Interior to specify a variable for population density and another that indicates the monthly number of robbery cases in each township. We also draw information from the Environmental Protection Agency to specify a variable reflecting the monthly concentration of dust in each township.

3.4. Sample statistics {#sec0010}
----------------------

[Table 2](#tbl0002){ref-type="table"} lists the sample statistics of the selected variables in the housing rental dataset. As reported in [Table 2](#tbl0002){ref-type="table"}, 29,874 out of 55,581 rental properties (54%) have at least one Airbnb in the township. The average rental price is higher among rental properties that have at least one Airbnb listing in the neighborhood compared to properties without an Airbnb nearby (US \$9.77 vs. US \$6.80). The two subsamples with and without an Airbnb also observe differences in the type of properties that are present. For example, properties that have Airbnb in the neighborhood are smaller in size and more likely to be in an apartment building with an elevator.

[Table 3](#tbl0003){ref-type="table"} lists the sample statistics of the selected variables in the housing sales dataset. As reported, 187,834 properties (34% of the total) have at least one Airbnb listing in the township. The average sales price in the full sample is US\$ 2,245 per square meter, while it is higher among properties that have an Airbnb nearby (US\$ 2,821/m^2^). To see how housing sales prices have changed over time, [Fig. 3](#fig0003){ref-type="fig"} depicts the monthly average sales prices between August 2012 to November 2017. The vertical solid line in the figure indicates the month that Airbnb entered Taiwan (February 2013) while the dashed vertical line indicates the first month that the sales tax policy on Airbnb was implemented (September 2017). Similar to the pattern of housing rental prices, housing sales prices show an increasing trend after the entry of Airbnb. However, housing sales prices dropped after the implementation of the sales tax policy.Table 3Sample statistics of the selected variables in the housing sales dataset.Table 3All sampleAirbnb\>0Airbnb=0VariableDefinitionMeanS.DMeanS.DMeanS.DSales pricesSales prices per square meter (NT\$).68,71354,16586,35167,25359,58943,216AirbnbNumber of Airbnb listings (100).0.1220.4750.3570.76100Airbnb_HouseNumber of Airbnb listings for an entire house or apartment (100).0.0640.2600.1860.41800Airbnb_RoomNumber of Airbnb listings for a private room (100).0.0490.2050.1430.33200Airbnb_OtherNumber of Airbnb listings for other types (100).0.0090.0480.0280.08000SizeSize of the rental property (100 m^2^).1.3611.6131.3060.8771.3891.884First floorIf renting a first-floored unit (=1).0.0450.2080.0520.2230.0420.200Apartment_no elevatorIf an apartment without elevator (=1).0.1710.3770.2150.4110.1490.356Apartment_elevatorIf an apartment with elevator (=1).0.5770.4940.5720.4950.5790.494TownhouseIf a townhouse (=1).0.1870.3900.1340.3410.2150.411StorefrontIf a storefront (=1).0.0040.0600.0040.0650.0030.056SuiteIf a suite (=1).0.0530.2230.0690.2540.0440.205Business buildingIf a business building (=1).0.0000.0160.0000.0170.0000.016OthersIf other types of buildings (=1).0.0080.0900.0060.0740.0100.097ParkingNumber of parking lots.0.4330.6500.4310.6710.4350.638PopulationTownship population density (10,000 person/square kilometer).0.8811.7381.0210.8760.8042.058RobberyNumber of robbery cases in a county (in 100 cases).6.2313.4895.2762.8036.7543.710Air qualityParticulate matter in a county (100 ug/m3).0.5890.2430.5110.2130.6320.248*N*550,951187,834363,117[^3]Fig. 3Sample distribution of the average housing sales price over time.Note: The average monthly housing sales price (NT\$/m^2^) between August 2012 and November 2017 is reported. The Airbnb entered Taiwan on February 2013 which is indicated by the vertical black-solid line. The vertical dashed line represents the implementation month of the tax policy on Airbnb.Fig. 3

4. Empirical framework {#sec0011}
======================

The main task of our empirical analysis is to estimate the housing price equations. In line with the hedonic price model ([@bib0019]), we control for the number of Airbnb listings and other determinants of housing prices. We also include year, month, and township fixed effects to reduce the potential endogeneity bias attributable to unobservable heterogeneity ([@bib0025]). Endogeneity bias occurs if there are unobserved factors that simultaneously affect housing rental or sales prices and the number of Airbnb listings. For example, property owners living in better quality communities may be less likely to engage with Airbnb because the platform could bring tourists that can worsen the living quality of the neighborhood due to increased noise, trash, or unsafe streets. On the other hand, unobserved community preferences for better environmental quality may lead to increased housing prices. In this case, unobserved community preferences then results in endogeneity bias. To address this concern, we apply the fixed effect (FE) model to cope with endogeneity bias. The inclusion of township fixed effects allows us to purge the endogeneity bias that is due to unobserved, time-invariant heterogeneity across townships. Similarly, including year and month fixed effects allows us to deal with endogeneity bias that is due to unobserved, township-invariant heterogeneity across years and months ([@bib0025]).

The baseline model of the housing price equations is specified as:$$\log\left( P_{ijt} \right) = \alpha \times Airnbn_{jt} + \beta^{\prime}X_{ijt} + v_{j} + u_{ty} + u_{tm} + \varepsilon_{ijt}$$where log(P~ijt~) is the natural log of the house price (rental or sales price) for the i^th^ transacted property located in township j and time t. The variable Airbnb~jt~ indicates the number of Airbnb listings in time t and township j. This continuous variable measures the intensity of Airbnb listings in each township; X~ijt~ is a vector of explanatory variables associated with property attributes (see [Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"}); v~j~, u~ty~ and u~tm~ are township, year, and month fixed effects, respectively; ɛ~*ijt*~ is the random error; and *α, β* are the parameters to be estimated. α measures the magnitude of change in the percentage of housing prices corresponding to the per unit increase in the number of Airbnb listings, ceteris paribus.

Another part of the analysis examines whether the sales tax policy imposed on Airbnb in September 2017 affected house prices. To do this, we extend the specification of the baseline model in the same spirit of the difference-in-difference (DiD) model by adding an interaction term between the variable Airbnb and a binary variable After whose value is equal to 1 if the transactions occurred in the post-policy period. This housing price equation is specified as:$$\log\left( P_{ijt} \right) = \alpha_{1} \times Airnbn_{jt} + \gamma_{1} \times \left( Airnbn_{jt} \times After \right) + \lambda_{1} \times After + {\beta_{1}}^{\prime}X_{ijt} + v_{j} + u_{ty} + u_{tm} + \varepsilon_{ijt}$$where *α* ~1~, *γ* ~1~, *λ* ~1~, *β* ~1~ are the parameters to be estimated. The parameter *γ* ~1~ then captures the DiD effect which measures the percentage change in housing prices corresponding to per unit increase in the number of Airbnb listings before and after the implementation of the tax policy on Airbnb.

5. Results {#sec0012}
==========

5.1. Estimation results of the housing rental and sales price equations {#sec0013}
-----------------------------------------------------------------------

[Table 4](#tbl0004){ref-type="table"} reports the estimation results from the baseline models of the housing rental and sales price equations using the FE model. The standard errors of the estimated coefficients are clustered at the township level. As reported in column A of [Table 4](#tbl0004){ref-type="table"}, a positive effect of Airbnb listings on housing rental prices is found. The results indicate that an increase of one hundred Airbnb listings increases rental prices by 0.53%, ceteris paribus. The estimated coefficient is statistically significant at the 5% level. Equivalently, this result shows that a one-standard deviation increase in the number of Airbnb listings increases rental prices by 0.38% (0.53%\*0.709=0.38).Table 4Estimation results of the housing rental and sales price equations.Table 4Dependent variablelog(rental prices)log(sales prices)VariableCoef.S.ECoef.S.EAirbnb0.0053\*\*0.00200.00470.0138Size-0.0411\*\*\*0.0040-0.0149\*\*\*0.0044First floor0.2749\*\*\*0.02040.1568\*\*\*0.0099Apartment_no elevator-0.1391\*\*\*0.0433-0.1328\*\*\*0.0223Apartment_elevator0.0739\*0.04310.0371\*0.0223Townhouse0.1777\*\*\*0.03560.4578\*\*\*0.0224Storefront0.3772\*\*\*0.04020.5690\*\*\*0.0254Suite0.3218\*\*\*0.05670.02420.0311Business building0.1256\*\*0.05510.03350.0515Parking0.00110.01470.1038\*\*\*0.0112Population0.0117\*\*0.00440.00300.0028Population2 /100-0.0329\*0.0002-0.00310.0001Robbery-0.0050\*0.0026-0.00310.0026Air quality-0.01010.0154-0.0168\*\*0.0073Constant5.1651\*\*\*0.053110.6077\*\*\*0.0320Control for yearsYesYesControl for monthsYesYesControl for townshipsYesYesR^2^0.1930.193*N*55,581550,951[^4]

Column B of [Table 4](#tbl0004){ref-type="table"} reports the estimation results from the housing sales price equations. It is evident that an increase of one hundred in the total number of Airbnb listings raises the sales price of properties by 0.47%, ceteris paribus. Equivalently, this result shows that a one-standard deviation increase in the number of Airbnb listings increases housing sale prices by 0.22% (0.47%\*0.475=0.22). In contrast to the findings of the housing rental analysis, this result is not statistically significant at the 10% level or higher.

5.2. The heterogeneous effects of Airbnb on housing prices {#sec0014}
----------------------------------------------------------

To investigate the heterogeneous effects of Airbnb on housing prices, we estimate the rental and sales price equations using two different specifications. In the first model, we analyze whether the effects of Airbnb on house prices vary between urban and rural areas. To do this, we estimate housing rental and sales price equations separately for urban and rural samples. The estimation results are reported in [Table 5](#tbl0005){ref-type="table"} . As reported in column A, an increase of one hundred in the total number of Airbnb listings increases housing rental prices by 0.83% in urban areas, ceteris paribus. The estimated effect is significant at the 1% statistical level. This effect is approximately equal to a 0.61% increase in housing rental prices corresponding to a one-standard deviation increase in the number of Airbnb listings in an urban area.Table 5Estimation results of housing rental and sales prices in urban and rural areas.Table 5log(rental prices)log(sale prices)UrbanRuralUrbanRuralVariableCoef.S.ECoef.S.ECoef.S.ECoef.S.EAirbnb0.0083\*\*\*0.00250.0028\*0.00160.00660.01400.00220.0098Other controls^\#1^YesYesYesYesR^2^0.1980.1920.1900.204*N*42,21513,366339,075211,876[^5]

In contrast, a smaller effect is found in rural areas. Results reported in column B of [Table 5](#tbl0005){ref-type="table"} show that an increase of one hundred in the number of Airbnb listings increases housing rental prices by 0.28%, ceteris paribus. This estimated effect is significant at the 10% statistical level. This estimated effect is approximately equal to a 0.47% increase in housing rental prices corresponding to a one-standard deviation increase in the number of Airbnb listings in rural areas. To sum, the stronger effect of Airbnb on housing rental prices in the urban sample reported in [Table 5](#tbl0005){ref-type="table"} is consistent with the fact that townships located near major urban cities have more Airbnb listings (see [Fig. 1](#fig0001){ref-type="fig"}).

The second part of the heterogeneity analysis investigates whether the effects of Airbnb on housing prices vary by different types of Airbnb listings. We do so by breaking down the total number of Airbnb listings into three different categories: an entire house or an apartment, a private room, and other types of Airbnb rentals. The control variables in the price equation are the same as the ones specified in the baseline model (see [Table 4](#tbl0004){ref-type="table"}). [Table 6](#tbl0006){ref-type="table"} reports the estimation results of the rental price and sales price equations. In general, the results seen in [Table 6](#tbl0006){ref-type="table"} are consistent with those reported in the baseline model. We find a significant effect of the Airbnb listings on rental prices and an insignificant effect of Airbnb listings on sales prices. However, the effects on rental prices vary by the category of Airbnb listings. As reported in column A of [Table 6](#tbl0006){ref-type="table"}, an increase of one hundred in the number of Airbnb listings for an entire house and a private room increases the average housing rental prices by 0.7% and 1.7%, respectively, ceteris paribus. Equivalently, the effects are approximately 0.28% and 0.48% corresponding to a one-standard deviation increase of the number of Airbnb listings with an entire room and a private room, respectively. In contrast, we find insignificant effects for an increase in the number of Airbnb listings on housing sales prices.Table 6Estimation results of house price equations by different types of Airbnb listings.Table 6Dependent variablelog(rental price)log(sales price)VariableCoef.S.ECoef.S.EAirbnb_House0.007\*\*0.0030.0190.036Airbnb_Room0.017\*\*\*0.0030.0040.003Airbnb_Other0.0030.0080.0160.013Other controls^\#1^YesYesR^2^0.1920.194*N*55,581550,951[^6]

5.3. The effects of the sales tax policy on housing prices {#sec0015}
----------------------------------------------------------

To evaluate whether the sales tax policy implemented in September 2017 had any impact on housing prices, we estimate [Eq. (2)](#eqn0002){ref-type="disp-formula"} using a subsample of housing transactions between February 2013 and November 2017 (the sample period with the presence of Airbnb listings). The final sample consists of 49,446 rentals and 484,135 sales transactions. By adding several interaction terms between the number of each type of Airbnb listing and a dummy variable that indicates the post-policy period, we are able to investigate whether the effects of the sales tax policy on property prices varied by different types of Airbnb listings.

Column A of [Table 7](#tbl0007){ref-type="table"} provides evidence that the sales tax policy reduces the positive effects of Airbnb on rental prices, ceteris paribus. Specifically, the results show that an increase of one hundred in the total number of Airbnb listings increases housing rental prices by 0.64% in the pre-policy period. However, the Airbnb effect on rental prices is reduced by 0.02% in the post-policy period, ceteris paribus. Column B of [Table 7](#tbl0007){ref-type="table"} further shows that the DiD effect of the sales tax policy on rental prices varies by the different types of Airbnb listings. The DiD effects of Airbnb listings that rented out an entire house (or an apartment) and a private room are -0.04% and -0.08%, respectively, ceteris paribus.Table 7Estimation results of the DiD models for tax policies on housing rental market.Table 7Dependent variablelog (rental prices)log (sales prices)(A)(B)(C)(D)VariableCoef.S.ECoef.S.ECoef.S.ECoef.S.EAirbnb0.0064\*\*0.00320.00630.0132**Airbnb\*After**-0.0002\*0.0001-0.00360.0065Airbnb_House0.0076\*0.00410.00200.0037**Airbnb_House\*After**-0.0004\*0.0002-0.00110.0033Airbnb_Room0.0068\*\*0.0033-0.00450.0031**Airbnb_Room\*After**-0.0008\*0.0004-0.00220.0024Airbnb_Other0.00170.00190.00150.0010**Airbnb_Other\*After**-0.00010.0006-0.00910.0113After-0.0331\*\*0.0176-0.0375\*\*0.0180-0.0023\*\*0.0011-0.00160.0011Other controls^\#1^YesYesYesYesR^2^0.1980.1980.1930.194*N*49,44649,446484,135484,135[^7]

In contrast to the results of the sales tax policy on rental prices, insignificant DiD effects are found when examining the sales tax policy on the sales prices of the properties (see columns C and D in [Table 7](#tbl0007){ref-type="table"}).

5.4. The impacts of the sales tax policy on the number of Airbnb listings {#sec0016}
-------------------------------------------------------------------------

To understand the mechanism behind the effect of the sales tax policy on housing rental prices, we analyze the changes in the number of Airbnb postings after the implementation of the sales tax policy. Since Airbnb entered Taiwan in February 2013, we aggregate the number of Airbnb listings at the township level between February 2013 and November 2017. We construct a township-month specific sample of 4,303 observations and regress the number of Airbnb listings on a dummy variable of the post-policy period with township, year, and month fixed effects and controls for other explanatory variables (i.e., population density, robbery cases and air quality). [Table 8](#tbl0008){ref-type="table"} reports the estimation results. As reported in column A, the sales tax policy reduces the number of Airbnb listings on average by 0.4 units, ceteris paribus. This effect is approximately equal to 1.2% if it is evaluated at the sample mean of the number of Airbnb listings (-0.004/0.339=-0.012). Moreover, the tax policy reduces the number of Airbnb listings that offer an entire house and a private room by 0.2 units (-1.1%) and 0.2 units (-1.5%), respectively. This result shows that the sales tax policy reduces private room listings more than other types of Airbnb rentals.Table 8Estimation results of the change in Airbnb listings after the tax policy.Table 8Dependent variableAirbnbAirbnb_HouseAirbnb_RoomAirbnb_Others(A)(B)(C)(D)VariableCoef.S.ECoef.S.ECoef.S.ECoef.S.EAfter-0.004\*0.002-0.002\*0.001-0.001\*\*0.0010.0000.000Other controls^\#1^YesYesYesYesYear fixed effectsYesYesYesYesMonth fixed effectsYesYesYesYesTownship fixed effectsYesYesYesYesR^2^0.3680.4150.3270.250*N*4,3034,3034,3034,303[^8]

5.5. Robustness checks {#sec0017}
----------------------

We conduct three robustness checks on our main findings. The first robustness check estimates the housing rental price equations using a sample of rental transactions used for business operation purposes as a placebo test. In the second robustness check, we estimate the housing price equations using different specifications of the fixed effects model. The third part of the robustness checks examines whether our results are driven by reserve causality.

### 5.5.1. Using the rental for business purpose dataset {#sec0018}

The rationale of the placebo test is based on the fact that rental properties used for business operations are large and higher in rental prices. Additionally, the contract length of rental leases for business units are usually longer than those in residential housing contracts. Therefore, owners that hold properties for commercial purposes are less likely to engage in Airbnb compared to those who rent out their properties for residential purposes. Therefore, we can expect an insignificant impact of Airbnb on rental prices among commercially used properties.

In the APRS data set, respondents must report whether their transacted properties are used for business operations or residential purposes since tax rates for commercially used properties are higher. With this information, we estimate housing rental prices equations using the sample of 26,450 commercial rental records between August 2012 and November 2017. [Table 9](#tbl0009){ref-type="table"} reports the estimation results of the placebo test. Results reveal that all of the estimated Airbnb effects on housing rental prices are statistically insignificant, and these results are robust across different types of Airbnb listings. This result provides supporting evidence that Airbnb only influences rental properties used for residential purposes.Table 9Estimation results of housing prices equations using rental for business sample.Table 9Dependent variablelog(rental prices)log(rental prices)VariableCoef.S.ECoef.S.EAirbnb0.0210.057Airbnb_House0.0420.095Airbnb_Room0.0190.016Airbnb_Other0.0920.155Other controls^\#1^YesYesR^2^0.1460.157*N*26,84026,840[^9]

### 5.5.2. Different specifications of the fixed effect model {#sec0019}

To gain insight into potential sources of endogeneity bias, we subject our main set of results to different specifications of the fixed effects models and present these results in [Table 10](#tbl0010){ref-type="table"} . Column A of [Table 10](#tbl0010){ref-type="table"} replicates the results of the baseline model of housing rental price equations with the full set of control variables, township, year, and month fixed effects. Column B adds a linear time trend to the model, while column C adds not only a linear time trend but also a township-specific linear time trend. The estimated coefficient of the key variable, \"Airbnb\" is 0.0053, 0.0053, and 0.0031 in columns A, B, and C, respectively. Although the magnitude of the effect of the number of Airbnb on rental price decreases after including the linear time trend and town-specific time trend variables, we still find a significant and positive effect of Airbnb on house rental prices. In contrast, as reported in columns D, E, and F of [Table 9](#tbl0009){ref-type="table"}, the coefficients of the variable \"Airbnb\" in the sales price equations are all statistically insignificant.Table 10Estimation results of the housing rental price equations using alternative specifications.Table 10Dependent variablelog(rental price)log(sales price)(A)(B)(C)(D)(E)(F)VariableCoef.S.ECoef.S.ECoef.S.ECoef.S.ECoef.S.ECoef.S.EAirbnb0.0053\*\*0.00200.0053\*\*0.00210.0031\*0.00170.00470.01380.00470.01390.00360.0220Other controls^\#1^YesYesYesYesYesYesControl for yearsYesYesYesYesYesYesControl for monthsYesYesYesYesYesYesControl for townshipsYesYesYesYesYesYesControl for time trendNoYesYesNoYesYesControl for time trend\*townshipsNoNoYesNoNoYesR^2^0.1930.1930.2120.1930.1930.198[^10]

### 5.5.3. The reverse causality test {#sec0020}

Reverse causality can result in endogeneity bias. In our case, reverse causality can occur if house owners or tenants living in a township with higher house prices are more likely to post their properties on Airbnb. To check whether our findings suffer from reverse causality, we conduct a simple test proposed by [@bib0025] to investigate whether the future or lead variables of the number of Airbnb listings are uncorrelated with housing prices in the current period. The null hypothesis of the test is that the coefficients of the lead variables are zero (i.e., no reverse causality). We conduct this test by replacing the current number of Airbnb listings with the lead variables in the first and second period in the house price equations. As reported in [Table 11](#tbl0011){ref-type="table"} , none of the coefficients of the lead variables is statistically significant. Therefore, we cannot reject the null hypothesis of the test, suggesting that our results do not suffer from reverse causality.Table 11Estimation results of the housing rental price equations using lead variables of Airbnb listings.Table 11Dependent variablelog(rental prices)log(sales prices)(A)(B)(C)(D)(E)(F)VariableCoef.S.ECoef.S.ECoef.S.ECoef.S.ECoef.S.ECoef.S.EAirbnb (t)0.005\*\*0.0020.0050.014Airbnb (t+1)0.0020.0030.0010.002Airbnb (t+2)0.0000.0010.0010.001Other controls^\#1^YesYesYesYesYesYesR^2^0.1930.1880.1830.1930.1890.188*N*55,58153,56052,965550,951479,216474,931[^11]

6. Discussions and conclusions {#sec0021}
==============================

6.1. The impact of Airbnb on the housing market in Taiwan {#sec0022}
---------------------------------------------------------

Two different views have been proposed regarding the effect of Airbnb on housing prices. On the one hand, Airbnb may affect housing rental market if property owners switch their properties from the rental market to Airbnb. In this case, rents can increase due to the reduced supply of properties in the rental market. On the other hand, housing rental market may not be affected if the supply of Airbnb is comprised of unused spare rooms held by current tenants and property owners. Our results documenting the positive impact of Airbnb listings on housing rental rates in Taiwan suggests that the current properties available through the platform are not entirely supplied by tenants or property owners who share their unused spare rooms to Airbnb guests. This finding may reflect the structure of leasing contracts of the Taiwanese house rental market. In Taiwan, tenants must receive permission from property owners to rent out or sublet any part of their rental property to a third party. Although this is not required in a leasing contract, it is strongly advised by the consumer protection agency to avoid rental disputes between tenants and landlords. Most leasing contracts between tenants and landlords have this rule in place. This rule gives landlords more flexibility to engage in Airbnb compared to tenants.

6.2. Comparing our findings in Taiwan to existing evidence in the U.S {#sec0023}
---------------------------------------------------------------------

A positive effect of the room sharing economy on house rental prices have been found in the U.S. [@bib0012] found that a one-standard deviation increase in Airbnb density is associated with a 0.4% increase in the rental rate in the city of Boston. [@bib0002] found that a one-standard deviation increase of Airbnb listings led to a 0.65% increase in housing rental rates in the U.S. In the case of Taiwan, we find a 0.38% increase in housing rental prices corresponding to a one-standard deviation increase in the number of Airbnb listings. Although it may not be appropriate to compare our findings in Taiwan to the studies done in the U.S because of the use of different methodologies and study period, the effects of Airbnb on housing rental prices in Taiwan seem to be smaller than those found in the U.S.

The smaller effect of Airbnb on housing rental prices in Taiwan may reflect the smaller expected returns of engaging in Airbnb in Taiwan compared to homeowners in the U.S. For example, the monthly asking rents in the housing market is approximately US\$ 98 per night, while the asking price for an entire room on Airbnb is US\$ 243 per night in Boston ([@bib0012]). Property owners would find Airbnb more profitable than the expected payoff that they can receive from the rental market if they can rent out their home for more than 12 days per month on Airbnb. In our sample, the average price for renting out an entire home or apartment on Airbnb is NT\$ 1,521 (US\$ 50) per night, while the average rate for houses on the rental market is NT\$ 1,103 (US\$ 37) per night. House owners in Taiwan would have to rent out their properties at least 21 nights per month to Airbnb guests to gain equivalent revenues in the housing rental market. Given the lower monetary payoffs of Airbnb in Taiwan compared to the U.S, the smaller effect of Airbnb on housing rental prices in Taiwan can be expected.

The observed differences in the effect of Airbnb on housing rental prices may also be driven by differences in the rate of owner-occupancy between Taiwan and the U.S. Prior studies in the U.S. have shown that the effect of Airbnb is smaller in areas with a larger share of owner-occupiers ([@bib0002]). This reduced effect is likely attributable to the fact that only non-owner occupiers are on the margin of substituting their units between Airbnb and the rental market. In contrast, owner-occupiers only rent out their spare rooms or homes to Airbnb; they do not allocate their housing to long-term rental tenants. According to the statistics reported in the Housing Finance Information Network, the average owner-occupancy rate in the U.S was 56.9%, while it was 84.2% in Taiwan in 2016. Therefore, the smaller effect of Airbnb on rental prices found in this study may reflect the higher owner-occupancy rate in Taiwan compared to the rate observed in the U.S.

In this study, an insignificant effect of Airbnb on housing sales prices was found, which differs from the results found in the U.S (e.g., [@bib0002]; [@bib0021]). We provide a possible explanation for the varying findings between Taiwan and the U.S below. [@bib0021] argue that house properties could be held as an asset and rented via Airbnb to produce an income stream. This potential income gain from Airbnb then brings incentives to investors to purchase residential properties not for their own use, and to hold onto properties longer because the rental income obtained via Airbnb reduces the cost of ownership. These investments will then increase housing demand and drive up housing sales prices. This argument used in the U.S. cannot be directly applied to Taiwan. In Taiwan, current property owners are less likely to remove their currently for-sale properties from the housing sales market to Airbnb due to high housing prices in Taiwan. In our sample, the average housing price is US\$ 2,245 per square meter, which ranks among the top seven most expensive housing markets in the world. The high cost of housing in Taiwan then serves as a financial barrier for new investors to purchase properties specifically designed for Airbnb.

6.3. Policy implications on regulating room sharing economy {#sec0024}
-----------------------------------------------------------

Two policy questions related to the room sharing economy business have been raised: whether the sharing economy should be regulated, and if so, what are the effective policy tools that can be used? From the view of competition, the key issue of answering this first question requires figuring out whether the room sharing business model affects relevant markets, such as the housing market. Critics against room sharing businesses have proposed regulating these disruptive innovators because these platforms raise rental and sales prices of the housing market, thus increasing the living costs of local residents. Empirical evidence provided in a few cities in the U.S supports this statement, and our finding of a positive effect of Airbnb on housing rental prices in Taiwan is consistent with this strand of literature.

With respect to the second question, tax policies have been proposed as a policy tool to regulate the room sharing economy. We use the sales tax policy imposed on Airbnb from September 2017 in Taiwan as a quasi-experiment to address this issue. We find that levying the sales tax on that other Taiwanese companies must comply with reduces the number of Airbnb listings. This result is expected since the sales tax increases operation costs for both Airbnb hosts and the corporation. However, the magnitude of the policy effect is small, possibly because we can only evaluate the policy effects after the first three months of the tax due to data availability.

Our findings of a larger negative effect of the sales tax policy on Airbnb listings that offer a private room may reflect the nature of these listings in Taiwan. In general, Airbnb hosts that offer a private room, such as a rental suite, are less likely to apply and receive a legal license to operate in the lodging business. Since the sales tax policy would require both the corporation and hosts to report revenues and pay sales taxes, hosts that offer a private room in the Airbnb market without a legal license are more likely to exit the Airbnb market.

6.4. Research limitation {#sec0025}
------------------------

Some caveats of this study are noted. First, although we find an insignificant effect of the Airbnb listings on house sales price, the interpretation of this result calls for caution in that the sales price equations are not as precisely estimated as the housing rental price equations. Second, our analysis could be more fruitful if information on Airbnb guests and hosts becomes available. For example, the increase in housing rents after the sales tax policy may also be attributable to the reduced willingness of tenants to sublet their spare rooms, rather than reductions in the supply of housing. We can better understand the channel of the sales tax effect on housing rental prices if we knew whether Airbnb hosts are tenants or homeowners of the property. This type of information is difficult to collect, and we are not aware of any study that has used such information. This study can also benefit by accessing detailed socio-economic characteristics of buyers and sellers in the Taiwanese housing market. For example, if personal income of the buyers and sellers becomes available, we can further examine the redistributive income effects of Airbnb between tenants and property owners. Furthermore, we could test whether the presence of Airbnb drives low-income residents out of the local housing rental market. Regardless of these potential drawbacks, the analytical framework provided in this study can be applied to other sharing economy business models.

An early version of the paper was presented in the annual meeting of the Western Economic Association International in 2019. The author appreciates comments from the conference participants as well as the valuable comments from Kamhon Kan and Tzu-Ting Yang. The author also thanks the Ministry of Interior in Taiwan for making the individual house market transaction records available. Funding support from the 10.13039/501100004663Ministry of Science and Technology in Taiwan under the grant number 108-2410-H-002-053 is acknowledged. The views expressed herein are those of the author and do not reflect the policies of Ministry of Interior in Taiwan or any other organization.

[^1]: Note: Airbnb entered Taiwan on February 2013. The sample statistics are summarized from February 2013 to November 2017.

[^2]: *Note*: The sample was drawn the APRS administrative profile of real estate transaction between August 2012 and November 2017.

[^3]: *Note*: The sample is drawn the APRS administrative profile of housing transactions between August 2012 and November 2017. US \$1 is equal to NT \$30.6.

[^4]: *Note*: Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^5]: *Note*: \#1 The full list of other explanatory variables are listed in [Table 4](#tbl0004){ref-type="table"}. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^6]: *Note*: \#1 The full list of other explanatory variables are listed in [Table 4](#tbl0004){ref-type="table"}. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^7]: *Note:* The sample used in this part of analysis includes house rental and sales records between February 2013 and November 2017. \#1 The full list of other variables can be found in [Tables 4](#tbl0004){ref-type="table"}. The effect of the tax policy on Airbnb is captured by the interaction term **Airbnb\*After, Airbnb_House\*After, Airbnb_Room\*After, Airbnb_Other\*After**. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^8]: *Note*: A township-month specific data set of Airbnb listings between February 2013 and November 2017 was used. The dependent variable is the number of Airbnb listings per 100 units. \#1 The other control variables include population density, number of robbery cases and air quality. Standard errors are clustered in townships.

[^9]: *Note*: \#1 The full list of other explanatory variables can be found in [Tables 4](#tbl0004){ref-type="table"} and [5](#tbl0005){ref-type="table"} for the house rental and sales equations, respectively. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^10]: *Note*: \#1 The full list of other explanatory variables can be found in [Table 4](#tbl0004){ref-type="table"}. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.

[^11]: *Note*: \#1 The full list of other explanatory variables can be found in [Table 4](#tbl0004){ref-type="table"}. Standard errors are clustered in townships. \*\*\*, \*\*, \* indicates significance at the 1%, 5% and 10% level, respectively.
